In this study, the effects of weekly and biweekly administrations of salmon gonadotropin fraction (sGTH), via an emulsion prepared with lipophilized gelatin (LG emulsion), on the induction of vitellogenesis in the Japanese eel were compared to determine the adequate intervals of hormone administration. The effectiveness of simultaneous administration of sGTH and 17a-hydroxyprogesterone (17aP) using LG emulsion for the induction of final maturation and ovulation was also examined. Immature female Japanese eel (cultured eel and silver eel) were administered sGTH with LG emulsion weekly (2 mg/kg BW) or biweekly (4 mg/kg BW). In the fish injected biweekly with LG emulsion containing sGTH, biweekly cyclic fluctuations in the body weight (BW) and plasma levels of testosterone, estradiol-17b and sGTH II were repeated in response to the injection of sGTH. It took a longer period for the biweekly injected fish to complete vitellogenesis compared with the fish injected weekly. The weekly injections of sGTH were more effective than the biweekly injections in inducing vitellogenesis in the Japanese eel. The LG emulsion containing sGTH in the aqueous phase and 17aP in the oil phase was prepared. Hormone releasing properties were investigated by monitoring plasma profiles of hormones in immature eel. Significant differences in the plasma profiles of sGTH II and 17aP were not observed between simultaneous administration of sGTH and 17aP and single administration of sGTH or 17aP. Following induction of vitellogenesis, females that exhibited a rapid increase of BW and had oocytes at migratory nucleus stage were injected with sGTH and 17aP at the same time using LG emulsion. As a result, all females injected with sGTH and 17aP ovulated. Simultaneous administration of sGTH and 17aP can be useful for the induction of final maturation and ovulation in the Japanese eel.
INTRODUCTION
Japanese eel Anguilla japonica is an important fish in Japanese aquaculture. In eel, development of oocytes has not been observed to occur under ordinary rearing conditions. For the induction of gonadal maturation in captivity, hormonal treatment is necessary. Weekly injection of salmon pituitary extract was generally conducted for inducing vitellogenesis. 1 The injection of 17a,20b-dihydroxy-4-pregnen-3-one (17a,20bP) or 17a-hydroxyprogesterone (17aP) is effective for the induction of final oocyte maturation and ovulation following completion of vitellogenesis. 2 Although the induction of gonadal maturation and fertilization of eggs has been a success, there are some problems such as low fertility and hatchability of eggs and low survival rate of larvae. Therefore, it is still necessary to improve the methods of hormonal application in the Japanese eel.
We developed a water-in-oil-in-water (W/O/W) type emulsion using lipophilized gelatin (LG) and oil, 3 and in previous reports we demonstrated using LG emulsion for the slow and sustained release of salmon gonadotropin (sGTH) and 17aP. [4] [5] [6] We found that weekly injections of LG emulsion containing sGTH were effective for
Release of sGTH and 17aP from W/O/W emulsion
For the experiment to investigate the release rate of sGTH and 17aP from LG emulsion, pond-cultured Japanese eel (body weight: ~190 g) were purchased from an aquaculture farm and acclimated to seawater at 20∞C for 1 week in 3.4 m 3 aquaria. Eels were separated into four groups. Ten eels in each group were administered with one of the following: (i) LG emulsion containing sGTH and 17aP; (ii) LG emulsion containing sGTH; (iii) LG emulsion containing 17aP; and (iv) LG emulsion without hormones as a control. A dose of sGTH or 17aP was 1 mg/mL per kg BW, respectively. Blood samples (0.3 mL) were taken from the caudal vessels with a heparinized syringe and needle at 30 min, 1, 3, 6, and 12 h and 1, 2, 4, 7, 12 and 24 days after the administration. Blood plasma was separated by centrifugation at 12 000 g for 5 min and frozen at -30°C until use. The plasma levels of sGTH II and17aP were measured by respective RIA.
Induction of vitellogenesis and ovulation
Pond-cultured and silver female eel were used for experiments to decide the suitable interval of sGTH treatment and to certify the efficiency of simultaneous administration of sGTH and 17aP. Immature cultured eel were obtained from an aquaculture farm. Fish were acclimated to seawater at 20∞C for 1 week in 3.4 m 3 aquaria. Silver eel at the stage of downstream migration were caught in Lake Hamana (Sizuoka Prefecture) and Mikawa bay (Aichi Prefecture) during October and November 1995 and kept in seawater at 20∞C in 3.4 m 3 aquaria. Thirty cultured eel (BW: 438-886 g) were separated into two groups of 15 fish each, and 20 silver eel (BW: 365-557 g) were separated into two groups of 10 fish each; the two groups became the weekly and biweekly treatment groups. Each fish was implanted with a glassencased transponder (Destron, South St Paul, MN, USA) for identification.
Fish were administered sGTH in LG emulsion, weekly or biweekly, for induction of gonadal development. First, fish were anesthetized with 1200 ppm 2-phenoxyethanol, and received intramuscular injections of LG emulsion containing sGTH at a dose of 2 mg/mL per kg BW in the weekly treatment groups, and 4 mg/mL per kg BW in the biweekly treatment groups. The fish in the biweekly treatment groups were also administered a vehicle injection in the week when they were not injected with sGTH.
Gonadal development was monitored by changes in BW of all fish every week. The timing of the 17aP injection for final maturation and ovulation was decided by the size and appearance of the oocytes taken from ovaries using a polyethylene cannula when a rapid increase in BW was observed. 9 Fish which showed a rapid increase in BW (over 10% of initial BW) and had oocytes at the inducing ovarian maturation in the Japanese eel. 5 The LG emulsion was thus expected to be effective for more than 1 week.
Since LG forms W/O/W type emulsion, it easily encapsulates peptide hormone (e.g. fish GTH or HCG) in the aqueous phase and steroid hormone (e.g. 17a,20bP or 17aP) in the oil phase, respectively. It is known that the effect of 17a,20bP or 17aP on the induction of final maturation and ovulation is enhanced by simultaneous or preceding treatment with GTH. 7, 8 Simultaneous administration of fish pituitary extract and 17a,20bP using LG emulsion may be applicable for inducing final maturation and ovulation.
We aimed to establish a practical method of hormone administration to maximize the biological effectiveness and to minimize frequent handling of the fish. In this study, the effects of weekly and biweekly administrations of sGTH using LG emulsion for the induction of vitellogenesis were compared in immature Japanese eel to establish adequate intervals of hormone administration. Induction of final oocyte maturation and ovulation with LG emulsion, containing sGTH in the aqueous phase and 17aP in the oil phase, was also examined in order to evaluate the LG emulsion as a simultaneous steroid and peptide hormone carrier.
MATERIALS AND METHODS

Preparation of emulsions
LG was prepared using fine gelatin powder (Wako Chemical Industries, Osaka, Japan) and palmitic anhydride (Sigma, St Louis, MO, USA) according to Kawazoe et al. 3 The LG emulsion was prepared by mixing LG solution and cottonseed oil (Kanto Chemical Co., Tokyo, Japan) and the sGTH was prepared from salmon pituitary according to methods described previously. 5 Emulsion for the simultaneous injection of sGTH and 17aP in the release test and induction of ovulation was prepared by mixing LG solution containing sGTH and cottonseed oil containing 17aP. Emulsion for a single injection of sGTH alone in the release test and induction of vitellogenesis was prepared by mixing LG solution containing sGTH and cottonseed oil. Emulsion for a single injection of 17aP alone in the release test was prepared by mixing LG solution and cottonseed oil containing 17aP.
Radioimmunoassay
The plasma levels of steroids (i.e. 17aP, testosterone (T) and estradiol-17b (E 2 )) and sGTH II were measured by radioimmunoassay (RIA) following the methods described previously. [4] [5] [6] Data were treated statistically using the Student's t-test and the Cochran-cox test. migratory nucleus stage, ranging from 700 to 900 mm in diameter, were injected with LG emulsion containing sGTH and 17aP (2 mg/fish, respectively) for the induction of final maturation of oocytes and ovulation. Fish were checked for ovulation at intervals of 1 or 2 h from 15 h after the injection. Average numbers and diameters of ovulated eggs were recorded. As soon as ovulation was observed, eggs were stripped by pressing the abdomen and fertilized by the dry method with sperm collected from mature males induced by weekly intramuscular injections of human chorionic gonadotropin (HCG, Sankyo, Tokyo, Japan) at a dose of 300 IU/fish. Fertilization rate was expressed as the number of eggs displaying perivitelline space or cleavage as a percentage of total ovulated eggs at 2-3 h after fertilization.
Blood samples (0.5 mL) were taken from the caudal vessels with a heparinized syringe and needle every week, just before the hormone injection. Blood plasma was separated by centrifugation at 12 000 g for 5 min and frozen at -30∞C until use. After 7 weeks, three fish in the cultured eel group were sampled, and their gonadosomatic indices (GSI: gonad weight as percentage of total BW) were determined. In the fish ovulated during the experiment, gonad weight was calculated as the sum of the weight of ovulated eggs, remnant ovary and ovarian fluid. The experiment finished after 13 weeks (cultured eels) or 9 weeks (silver eels). All the remaining fish were dissected at the end of the experiment and GSI was determined. GSI of each group was expressed as mean ± SE. Comparison of GSI was made between weekly and biweekly injected eels in the cultured eel group or silver eel group with Student's t-test.
The plasma levels of steroids (T and E 2 ) and sGTH II were measured by RIA. Plasma vitellogenin levels were analyzed using a single radial immuno-diffusion test with antiserum against eel vitellogenin.
10 Vitellogenin used for immunization and as a standard was prepared by the methods of Kishida et al. 11 Polyclonal antiserum was raised in rabbits.
RESULTS
Plasma profiles of sGTH II and 17aP in in vivo release experiment
Plasma profiles of sGTH II and 17aP in each treated group are shown in Fig. 1 . Plasma profiles of sGTH II were similar in the groups injected with sGTH alone and in combination with 17aP. The levels peaked after 6 h at about 3 mg/mL, and decreased to undetectable levels after 24 days. Profiles of plasma 17aP were also similar in both groups injected with 17aP alone and in combination with sGTH, and significant differences were not detected (P >0.05). Plasma levels of 17aP in both groups increased to about 300 ng/mL after 3 h and decreased to undetectable levels after 4 days. In the control group, plasma sGTH II and 17aP were not detectable. Figure 2 shows BW changes during experiments. The BW of silver eels increased earlier than cultured eels. Fish treated with sGTH weekly showed smooth BW changes, while fish treated with sGTH biweekly showed cyclic BW fluctuations. Body weight increased 1 week after the injection of sGTH, and decreased in the next week. In the weekly treated cultured eels, rapid increase in BW occurred after 9-14 weeks to 110-115% in 10 fish. In the weekly treated silver eels, BW of six fish rapidly increased to 110-120% after 5-9 weeks. These fish ovulated after a simultaneous injection of sGTH and 17aP.
Induction of vitellogenesis
In the biweekly treatment groups, increases in BW up to 110% or more were observed in four fish after 12-14 weeks in the cultured eels, or four fish after 8-10 weeks in the silver eels. All the fish ovulated after a simultaneous injection of sGTH and 17aP. Figure 3 shows mean GSI in each group. In the cultured eels, GSI of the weekly treatment group was 14.1 ± 1.6 at 7 weeks and 42.9 ± 3.5 after ovulation and at the end of the experiment, while GSI of the biweekly treatment group was 6.3 ± 0.6 at 7 weeks and 29.6 ± 5.9 after ovulation and at the end of the experiment. In the silver eels, GSI of the weekly treatment and biweekly treatment groups were 48.8 ± 6.0 and 33.1 ± 6.1, respectively, after ovulation and at the end of the experiment.
Plasma T profiles obtained from individual fish are shown in Fig. 4 . Plasma T levels in both weekly treatment groups (cultured and silver eels) increased at 1 week after first injection, followed by a drop at 1 week after the second injection. A rapid increase in T levels was observed at the end of vitellogenesis. In the biweekly treatment groups (cultured and silver eels), plasma T levels showed cyclic fluctuations during vitellogenesis. Levels increased 1 week after the injection of sGTH, and decreased in the next week. A rapid increase in levels was also observed at the end of vitellogenesis. Figure 5 shows plasma E 2 profiles. In the weekly treatment groups, plasma E 2 levels increased after the first injection and then decreased. Thereafter, levels remained low. At the end of vitellogenesis the levels increased again rapidly, after 10-15 weeks in the cultured eels or after 7-9 weeks in the silver eels. In the biweekly treatment groups, levels showed biweekly increase and decrease, which was similar to those of T. A rapid increase was also observed at the end of vitellogenesis.
Plasma sGTH II profiles are shown in Fig. 6 . In the weekly treatment groups, plasma sGTH II levels were almost constant, while in the biweekly treatment groups, sGTH II levels fluctuated widely during the experiment. Levels increased 1 week after the treatment with sGTH and decreased in the next week.
Changes in plasma vitellogenin levels are shown in Fig. 7 . Before injection, vitellogenin was not detected in the plasma of cultured eel, whereas it was detected in the plasma of silver eel. After the first injection, the levels increased in both treatment groups, indicating that vitellogenesis was initiated in the cultured eel and accelerated in the silver eel. Thereafter, levels increased with fluctuations during the experiment. Biweekly cyclic fluctuations were not observed in the plasma vitellogenin profiles in the biweekly treatment groups. No significant difference was observed in the weekly and biweekly treatment groups throughout the experiment.
Induction of ovulation
Simultaneous injection of sGTH and 17aP could induce final maturation and ovulation in both cultured and silver eels when fish showed rapid BW increase. The results are summarized in Table 1 . In cultured eels, ovulation was induced in all females after 21 h, on average, from the final injection. About 170 000 to 720 000 ovulated eggs were obtained. Fertilization rates were 2.1-64.4% (mean 47%). Larvae were obtained from three females and they survived for 1-7 days at 20∞C. In the silver eels, one fish spontaneously spawned, and all other females ovulated after 20 h, on average, from the final injection. About 420 000 to 700 000 ovulated eggs were obtained. Fertilization rates were 0-91.7% (mean 38%). Larvae were obtained from five females and they survived for 2-12 days at 20∞C.
DISCUSSION
The results of experiments indicated that a weekly injection of sGTH was more effective than a biweekly injection in inducing vitellogenesis. In addition, final maturation and ovulation following vitellogenesis were also induced in the fish by the simultaneous administration of sGTH and 17aP using LG emulsion.
Although fish of both weekly and biweekly injected groups received the same total amount of sGTH, vitellogenesis was completed more rapidly in fish treated weekly than in fish treated biweekly. In the groups injected biweekly, plasma sGTH II levels largely fluctuated during the experiment. Plasma sGTH II levels at 1 week after every sGTH injection were always higher in biweekly injected fish than in weekly injected fish. However, at 2 weeks after every sGTH injection, sGTH levels in the biweekly groups dropped acutely, despite the levels being almost the same as those in the weekly groups. The large fluctuations in sGTH levels in the biweekly treated groups may result in the delayed vitellogenesis. However, we have to consider the advantage of the reduced handling stress of biweekly injections. Further experiments may be necessary.
In the weekly group, plasma T and E 2 levels remained low during vitellogenesis and increased acutely at the end of vitellogenesis. These profiles were similar to those of results previously reported. 5, 12, 13 In the groups injected N Sato et al. of the experiment. Differences in the time required for gonadal development between silver and cultured eels can probably be attributed to the differences in ovarian developmental stages at the start of the experiment. The most developed oocytes in the silver eels which initiated seaward migration were in the early vitellogenic stage. 14, 15 In contrast, the oocytes of cultured eels were in the pre-vitellogenic stage at the start of the experiment, and vitellogenesis was induced after the first injection.
Significant differences in the plasma profiles of sGTH II and 17aP were not observed between simultaneous administration of sGTH and 17aP and single administration of sGTH or 17aP. These results indicate that LG emulsion can be used for simultaneous administration of both peptide hormone and steroid hormone to induce final maturation and ovulation in the Japanese eel. It was shown that the administration of peptide hormone (LHRH) in combination with the steroid hormone is more effective in inducing maturation in fish. 16 After the simultaneous administration of sGTH and 17aP using LG emulsion, final maturation and ovulation were induced in all fish. These results indicate that LG emulsion is a new effective carrier of both peptide and steroid biweekly, the BW and plasma levels of T and E 2 repeated biweekly cyclic fluctuations responding to the sGTH injection. These results clearly indicated that changes in the BW and plasma steroids were artificially caused by exogenous hormone (sGTH) treatments. This means that sGTH causes BW increase even in immature or vitellogenic stages. Correlation of BW increase with vitellogenesis is unclear. It is therefore necessary to investigate the mechanism of BW changes during vitellogenesis by sGTH in detail.
After the first injection, vitellogenin synthesis was induced in all treated groups. Although significant differences in plasma vitellogenin levels were not observed between weekly and biweekly treated groups during the experiment, the biweekly group were delayed in completing oocyte maturation. Therefore, it is suggested that fluctuations of sGTH influence the uptake of vitellogenin into the oocytes in the biweekly treated groups.
Silver eels completed vitellogenesis earlier than cultured eels. Plasma vitellogenin profiles indicated that the silver eels were in the early vitellogenic stage, while cultured eels were in the pre-vitellogenic stage at the start hormones for the induction of maturation and ovulation in the Japanese eel. Simultaneous administration of hormones using LG emulsion may also minimize handling stress by multiple injections of peptide and steroid hormone. However, we could not accurately evaluate the advantage of this new method, since our techniques of artificial fertilization have many variables other than the method of hormone administration. Although many trials to induce ovulation by simultaneous injection were conducted, fertilization rates of eggs were largely varied. For obtaining high-quality eggs, it is important to predict the timing of the final injection, since egg quality is directly related to the time of ovulation. 17 In eel, the time of ovulation depends on the time elapsed after the 17a,20bP injection. 18 Artificial fertilization must be carried out immediately after ovulation in order to obtain good quality eggs. 19 In this experiment, the timing of the final injection was determined by the BW changes and microscopic appearance and diameters of the oocytes, noting that BW changes and the microscopic appearance of the oocyte often vary individually. As a result, ovulation occurred at various times after the final injection. Adequate timing for inducing ovulation needs to be determined from further experiments. Furthermore, high-quality and quantity of sperm could not always be obtained when females ovulated. It is also important to use high-quality sperm for a high fertilization rate. [20] [21] [22] For practical purposes, adequate volume and quality of sperm should be examined to determine the optimum conditions for fertilization in eel.
